Objective To compare the clinical effect of 3D-printed template technology with X-ray fluoroscopy in assisting surgery for sacroiliac screws placement. Design Institutional review board-approved retrospective analysis. Patients The clinical data of 31 cases of sacroiliac complex injury between January 2015 and December 2016 were analyzed. There were 16 patients, males 11 and females 5, who underwent surgery assisted by 3D-printed template in template group, and that of contemporaneous 15 patients, males 11 and females 4, who underwent traditional surgery were gathered as fluoroscopy group. All those patients were followed up for more than 6 months.
Introduction
Since the development of transportation and acceleration of urbanization, the sacroiliac joint complex injury caused by high-energy trauma is more and more common [1] . The sacroiliac joint, as a junction of the body and lower limb, plays a key role in maintaining the function of pelvis [2] , thus the treatment after trauma is also important. Internal fixation is the main treatment for sacroiliac joint complex injury (SJI) [3] , and sacroiliac screw fixation is the widely accepted one [4, 5] . However, because of the anatomic feature, there are Wu Zhou and Tian Xia contributed to the work equally and should be regarded as co-first authors.
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still many problems during sacroiliac screw implantation. In traditional surgery assisted by X-ray fluoroscopy, it may injure the local vessel or nerve without real-time monitoring of the position and depth of screw [6] . On the other hand, long-time fluoroscopy leads to a lot of radiation exposure both to the patient and surgeon, which is a health hazard. The rise and rapid expansion of three-dimensional (3D) printing technology, preoperative simulation, designed template, and instruction to make sure the screw location and depth all make it much more safer for screw placement in pelvic surgery [7] . In our study, the clinical data of 28 patients with pelvic fracture and sacroiliac joint injury between January 2015 and December 2016, were retrospectively analyzed to compare the treatment effect of 3D-printed template-assisted and traditional X-ray fluoroscopy-assisted sacroiliac screw placement in treating sacroiliac joint injury.
Materials and methods

General information
Inclusion criterion: (1) fresh and closed pelvic fracture, (2) type Tile C1 and C2 pelvic fracture, (3) the fracture dislocation could be corrected by traction, (4) underwent sacroiliac screw fixation, (5) the clinical data were intact and follow-up time was no less than 6 months.
Exclusion criterion: (1) old or open pelvic fracture, (2) severe lumbosacral trunk nerve injury, (3) non-screw internal fixation, (4) the clinical data were incomplete, or follow-up time was less than 6 months.
There were altogether 31 pelvic fracture patients brought into this study (Table 1), male 23 and female 8, age from 18 to 68-year-old (average 47). All patients signed informed consent, and the study was approved by the ethics committee of Tongji Medical College, Huazhong University of Science and Technology, the register number was 2015-S368. There were 16 patients, males 11 and females 5, who underwent surgery assisted by 3D printing template recruited as template group, age from 18 to 68 (average 47.2), 13 traffic trauma and 3 fall injury. According to Tile classification, there were 13 type C1 and 3 type C2. About associated injury, there were two hemorrhagic shocks, two urethral injuries, five pubic symphysis separations, five fractures of unilateral pubic rami, and five fractures of bilateral pubic rami. There were six cases with symptom of numbness of lower limb post trauma, and the symptom relieves a lot after traction. The patients got operation 9-13 days (average 10.9) after injury. There were contemporaneous 15 patients, males 11 and females 4, who underwent traditional surgery recruited as fluoroscopy group, aged 18-65 (average 47.1), 13 traffic traumas and 2 fall injuries. According to Tile classification, there were 13 type C1 and 2 type C2. About associated injury, there were two hemorrhagic shocks, two urethral injuries, six pubic symphysis separations, six fractures of unilateral pubic rami, and five fractures of bilateral pubic rami. There were nine cases with symptom of numbness of lower limb post trauma, and the symptom relieves a lot after traction. The patients got operation 8-13 days (average 9.7) after injury. All those patients were examined to be positive for pelvic compression and separation test and followed up no less than 6 months.
Treatment process
Pre-operation preparation
The patients were given supportive treatment such as vital sign monitoring and fluid infusion. The CT scanning and 3D reconstruction were to be obtained once the patient condition was stable, and the slice thickness was limited to be 0.5 mm to assess the fracture exactly. Supracondylar traction of femur was necessary until operation when there was an iliac fracture combined with obvious vertical dislocation, and the traction weight was 1/10 to the body weight (6-8 kg). The pre-operation time sustained to 8-13 days. In template group, the CT data were saved as DICOM format in mobile hard disk, and imported to a computer for further disposition. With the help of software Mimics 14.0 (Materialise corporation, Belgium), the 3D pelvic model was easy to be reconstructed, and the surgeon could simulate pelvic fracture reduction. On the basis of injury side ilium after reduction, the sacroiliac screw template was designed and printed, meanwhile the screw diameter and length were also confirmed. The process of template designation was as follows [8] .
The DICOM data were imported to Mimics, to reconstruct 3D pelvic model. Draw two lines: one to pass posterior and anterior superior iliac spine, another along with the longitudinal axis of femur. Choose the crossing point as initial point, the central point of terminal plate of sacral vertebrae 1 as end point. The distance between the two points is the screw channel. Simulate nailing process, observe and measure the breadth in three-dimensional form to make sure of the length and diameter of screw. When screw channel is confirmed, the sleeve of template could be designed according to its axis, with a 2-mm inner diameter and a 10-mm outer diameter. On the other hand, the anatomical character of local iliac crest is collected, and based on which an anastrophic basic template is established. Then combine the screw sleeve and basic template to produce template rudiment. Get through the sleeve channel, add two 1.5-mm pilot holes on both sides of the sleeve, and the individualized sacroiliac screw template is ready.
Operation techniques
The surgical procedure was conducted by the same team who had rich experience in pelvic surgery. Prone position was recommended after general anesthesia. Pelvic anterior-posterior and lateral position, inlet and outlet view were observed by fluoroscopy, to evaluate the fracture position.
When vertical displacement persisted, large dose of traction of the ipsilateral lower limb was performed to reduce the dislocation. In template group, in accordance with pre-operation plan, a 4 cm curved incision along the iliac crest was made to expose segmental posterior superior iliac spine and proximal iliac crest. Soft tissue on the outer table iliac was peeled off, the template was attached onto outer table iliac, which was fastened temporarily by two 1.5-mm Kirschner wires (K-wire). Along with the sleeve, place a 2.0-mm K-wire into the screw channel as guiding wire. Remove the template and insert 7.3-mm cannulated screw (Beijing LiBeiEr Bioengineering Institute Limited Company). In fluoroscopy group, in accordance with traditional experience, the guiding K-wire was placed through the mid-lower third intersection of connecting line of posterior and anterior superior iliac spine. Then by means of repetitious X-ray fluoroscopy, adjust the orientation and depth step by step. After confirmation under K-wire, measure the length and insert suitable cannulated screw. In both groups, inlet and outlet view were observed by fluoroscopy once more when the operation was complete.
Postoperative management
Routinely preventive antibiotic application should sustain 48 h post operation. Both X-ray and CT scanning and 3D reconstruction of pelvic anterior-posterior and lateral position were captured again on the day after operation. The exercise of lumbodorsal muscles and lower limb muscles strength was also carried out the first day after operation. The patients were told to come to the hospital and take pelvic X-ray at 1 month, 3 months, 6 months, and 12 months after operation, and the time for weight bearing depended on the fracture union status.
Observational index and evaluation criterion
Observe and record the time for inserting single screw, fluoroscopy times for each screw and follow-up time. Fracture reduction effectiveness was evaluated by Matta scale [9] : excellent (< 4 mm displacement), good (4-10 mm displacement), fair (10-20 mm displacement), and poor (> 20 mm displacement). The pelvic function outcome was assessed at the last follow-up by Majeed score [10] : excellent (> 85), good (70-84), fair (55-69), and poor (< 55). The complication was also observed and recorded.
Statistical analysis
All data were assessed by software SPSS (version 13.0, SPSS, American). Measurement data are shown as x ± SD , and compared by t test for difference between the two groups. Enumeration data are showed as ratio, and compared by χ 2 test for difference between the two groups. P < 0.05 was regarded as statistically difference.
Results
All patients were followed up from 6 to 20 months, template group 6 to 19 months with average 10.9 ± 0.6, and fluoroscopy group 6 to 20 months with average 11.1 ± 1.5. There was no statistical difference in followup time (t = 0.493, P > 0.05). The screw number was 19 for template group and 17 for fluoroscopy group. The time for each screw insertion was (27.2 ± 5.3) min in template group, and (60.3 ± 5.8) min in fluoroscopy group, and there was statistical difference between two groups (t = 16.603, P < 0.01). The fluoroscopy times for each screw were (2.7 ± 0.5) in template group, and (15.4 ± 3.5) in fluoroscopy group, and there was statistical difference between two groups (t = 14.375, P < 0.01) ( Table 2) .
Assessed by Matta scale, the excellent and good rate of fracture reduction was 87.5% (14/16) Fig. 1 . The reduction of fracture and bone union was satisfying in both group, and there was no internal fixation loosening or fracture reduction lost. In template group, the numbness of perineal exacerbated in two patients with apparent vertical displacement, and relieved after given neurotrophic drug treatment 3.5 months later. In fluoroscopy group, the numbness of perineal exacerbated and combined with gatism in one patient, and relieved after removed of screw the after day and given neurotrophic drug treatment 4.2 months later. There were still three other patients presenting transient worsening of neurological symptoms.
Discussion
Nowadays, in orthopeadic field, it was common to see that 3D-printed model of bone fracture, reverse template, individualized implants and so on were used in clinical practice [11] [12] [13] . In this study, we designed and produced iliacadhered guiding plate, to assist the insertion of sacral-iliac screw, and got idea therapeutic effect.
The advantage of 3D-printed template in assisting sacral-iliac screw insertion
There are four advantages for 3D-printed template in assisting sacral-iliac screw insertion compared with traditional X-ray-assisted surgery as follows: (1) improving the accuracy and security in screw insertion (2) shortening the time for surgery procedure (3) decreasing the radiation exposure for both doctor and patient (4) enhancing the communication between doctor and patient. The sacroiliac joint complex is featured with complicated anatomy and surrounded by dense vessels and nerves [2, 14] . So it is dangerous to insert sacral-iliac screw percutaneous with the risk of vessel and nerve injury, which makes it a difficulty and challenge for the surgeon. Traditionally, X-ray fluoroscopy-assisted surgery is not so safe for its poor accuracy and non-real-time monitoring. So to ensure the safety of surgery, the surgeon usually resorts to long-term and reduplicated fluoroscopy to enhance the accuracy of screw insertion; while, with the help of 3D printing technology, the surgeon could analyze the fracture character visually and experience virtually, the operation procedure to make sure of the efficacy of operation.
In our retrospective study, each screw insertion in fluoroscopy group spent an average of 60 min, and needed an average of 15 times fluoroscopy, which was similar to other scholars [15, 16] . However, in template group, each screw insertion just spent average 28 min and needed average 3 times fluoroscopy, which was similar to the results of Yang et al. [17] . The operation and fluoroscopy times were reduced a lot compared with fluoroscopy group. Meanwhile, the radiation exposure for both doctor and patient decreased a lot too. On the other hand, in the procedure of template production, we could manipulate the electronic model to simulate the reduction of fracture and define the entry point, direction, and length of screw, to ensure the security and shorten the operation time. And by presenting a 3D-printed model of equal proportion, the doctor could explain the illness, operation difficulty and possible perioperative risk much better to the patient [18] , which could improve the communication efficiency between doctor and patient and then improve the satisfaction degree and compliance of the patient.
The indication of 3D printing technology in assisting sacral-iliac screw insertion
Although has its advantage in assisting surgery obviously, but 3D printing technology also has its limitation. Zhang et al. [15] pointed out that percutaneous screw insertation was only suitable for cases without obvious dislocated fractures, or could be reducted by traction. In our study, the patients recruited were all consistent with the above standard. So we consider that sacroiliac joint complex injury patient with irreducible fracture or osteoporosis as not appropriate for sacroiliac screw fixation.
The essentials of operation directed by 3D-printed template and its announcements
In our experience, the pelvic anterior-posterior and lateral position, inlet and outlet view should be observed by fluoroscopy before operation to assess the reduction effect of traction. When the operation begins, try to reduct the fracture by pry-poking or reverse-rotation via Schanz screw. Open reduction internal fixation is the alternative scheme in case of poor reduction. For another thing, the 3D-printed template needs to rely on the anatomic landmark of iliac bone, so it is important to peel off the attached soft tissue thoroughly on the iliac crest; and in this process, it may injure the local soft tissue and damage the bone blood supply for fully stripping, or cause a deviation and decrease the security of operation for deficiently stripping. In our study, two cases were excluded for the changed operation plan for poor reduction, and another two cases showed a transient worsening of the neurological symptoms, which may be due to the severe displacement and nerve drag injury after reduction, or the nerve irritability during the screw insertion. Yang et al. [17] also pointed out that open reduction was necessary when closed reduction was unsuccessful. There are still several shortcomings about the study as follows: it is a retrospective study; the sample size is not big enough; there is systematic error for analyzing the shortterm and long-term complications. Furthermore, the application of 3D printing technology in clinical practice is still at its early stage, and how to improve the fracture reduction skill, and how to enhance the template accuracy both need to be further studied. At last, the comparison between 3D printing technology and 3D navigation technology also needs to be studied.
In conclusion, 3D-printed template technology-assisted surgery for sacroiliac screws placement in sacroiliac complex injury patients possesses advantage such as shortened operation time and reduced X-ray exposure times. This technology improves the safety profile of this operation and should be further studied in future clinical applications.
